From heavy fermions to cuprates and iron pnictides, a spin resonance at Ω0 ∝ kBTc is a staple of nearly magnetic superconductors. Possible explanations include a two-particle bound state or loss of magnon damping in the superconductor. While both scenarios suggest a central role for magnetic fluctuations, distinguishing them is important to identify the right theoretical framework and to guide the search for higher temperature superconductors. Using inelastic neutron scattering technique, we show that the spin resonance in optimally doped FeSe0.4Te0.6 splits into three peaks in a high magnetic field, a signature of a two-particle triplet bound state.
From heavy fermions to cuprates and iron pnictides, a spin resonance at Ω0 ∝ kBTc is a staple of nearly magnetic superconductors. Possible explanations include a two-particle bound state or loss of magnon damping in the superconductor. While both scenarios suggest a central role for magnetic fluctuations, distinguishing them is important to identify the right theoretical framework and to guide the search for higher temperature superconductors. Using inelastic neutron scattering technique, we show that the spin resonance in optimally doped FeSe0.4Te0.6 splits into three peaks in a high magnetic field, a signature of a two-particle triplet bound state. Initially discovered in cuprates [1] [2] [3] [4] [5] , then heavy fermion systems [6] [7] [8] [9] , and now iron pnictide/chalcogenide superconductors [10] [11] [12] , a spin resonance is arguably the most prominent experimental feature of unconventional superconductors [13] . The leading interpretation is a triplet bound state formed by two Bogoliubov-de Gennes quasiparticles in the superconducting state.
The resonance intensity is enhanced by the coherence factor of a momentum-space modulated superconducting order parameter [14] [15] [16] [17] [18] [19] . A different class of theories associates the resonance with a remnant magnon of the parent antiferromagnetic state [20, 21] -the enhancement below T c is attributed to loss of the particle-hole damping channel within the superconducting gap. While each interpretation may have merit in different materials, we report an experimental result that makes a clear distinction for optimally doped FeSe 0.4 Te 0.6 superconductor. By splitting the resonance into three modes in a high magnetic field, we show it is associated with a spin triplet, thus pointing decidedly to a two-particle bound state. In contrast, a conventional magnon is generally a doublet that may split into two modes in a field [22] .
The Fe 1+y Se superconductor [23] contains the same electronically active iron-chalcogen or pnictogen layers as in other families of the iron-based superconductors [24] [25] [26] . The superconducting transition temperature T c can be raised from 8 K to 14.6 K through partial substitution of Se by Te, while the superconducting volume fraction can be enhanced and the transition sharpened by tuning the iron/chalcogen ratio close to one (y ≈ 0.03) [27] . A fortuitous aspect of the Fe(Se,Te) superconductors is the availability of large high-quality single crystalline samples, which allowed us to unambiguously observe the development of a spin resonance above a gap in the superconducting state of FeSe 0.4 Te 0.6 in inelastic neutron scattering experiments [12] . As in optimally doped BaFe 1.84 Co 0.16 As 2 (T c = 22 K) [11] , the resonance disperses only with in-plane momenta, indicating a quasitwo-dimensional superconducting state.
An optimized set of FeSe 0.4 Te 0.6 single crystals with narrower mosaic and higher T c = 14.6 K than those used previously [12] was prepared for the experiment. The magnetic field was applied along the c-axis of the tetragonal P 4/nmm unit cell [28] and thus perpendicular to the Fe square plane. Fig. 1 shows constant Q=( 1 2 , 1 2 , 0) scans at a temperature T = 1.7 K. The upturn at high energies is background associated with low scattering angles where the direct beam impinges on the detection system. In zero magnetic field, the resonance is centered at Ω 0 = 7.1(1) meV, yielding a ratio Ω 0 /k B T c ≈ 5.6 comparable to the previously reported value for Fe(Se,Te) [12] [5] and heavy fermion superconductors [6] [7] [8] [9] . In a 14 T magnetic field, the peak broadens and fine structure appears. In particular there are two clearly defined maxima at 5 meV and 7 meV. Field dependence beyond 8.5 meV is less than the statistical accuracy in this background dominated part of the spectrum.
To clearly extract the magnetic signal, especially at higher energies, we measured a background spectrum at a wave vector transfer Q=(0.68,0.18,0) where magnetic scattering is negligible [12] . The background subtracted data were normalized to represent a differential scattering cross section by comparing to energy integrated acoustic phonon data and are shown in Fig. 2 . The integrated magnetic scattering intensity is conserved to within error, consistent with an accurate measurement of field effects from a relatively weak perturbation at low temperatures. A spectrum that is symmetric about the central peak and consists of three lorentzians was fitted to the data and is shown as solid lined in Fig. 2 . The zero field peak is considerably broader than the three high field peaks. This suggests the zero field resonance encompasses overlapping anisotropy shifted components that resolve in a field. In fitting to lower field data, we forced equal peak widths, intensity, and symmetric splitting around the central peak, as indicated by the 14 T data. The inset to Fig. 2 shows the fitted positions of spectral maxima versus field thus extracted from constant Q scans at several fields. To within error, the central peak position is independent of field while the upper and lower peak positions can be described by the following expression: ω = Ω 0 ± δ 2 + (gµ B B) 2 where g = 2.5(4) and anisotropy δ = 1.2(4) meV.
The observation of three peaks in a field is consistent with transitions between a singlet ground state and a triplet excited state that is field split by the Zeeman term. Such a level scheme can result from a near spin-space isotropic attraction between identical quasiparticles that carry spin. [14] [15] [16] [17] [18] [19] . High field extrapolation of the peaks in the inset to Fig. 2 yields an esti- In fitting data at fields below 14 Tesla, we further constrained the peaks to have equal spectral weight, which is the case at 14 Tesla. The inset shows the field dependence of peak positions extracted from such fits. The solid lines through these data correspond to the fit described in the text.
mate for the critical field at which the lower member of the triplet becomes degenerate with the ground state: (9) T. The match of this value and the upper critical field of µ 0 H c2 ≈ 47 T inferred from high field resistivity data [29] indicates the intimate connection between the formation of coherent singlettriplet spectrum and superconductivity in FeSe 0.4 Te 0.6 .
We shall now address some important quantitative aspects of the high field data. With the field direction and c-axis as the quantization axis, the central fieldindependent transition must be between states with the same projection of dipole moment along the field (δm = 0) and so the finite transition matrix element is that of theŜ z operator. Conversely δm = ±1 for the field dependent modes, which therefore are associated with theŜ x andŜ y operators. Unpolarized magnetic neutron scattering probes
For a weakly field perturbed isotropic system where S zz and S ⊥ carry equal spectral weight, the field independent longitudinal component (the central peak) and the field dependent transverse component (the sum of the upper and lower peaks) should carry equal spectral weight. This is consistently observed for field split singlet-triplet transitions associated with exchange coupled atomic spin degrees of freedom in a variety of insulating quantum magnets [30] . In contrast for the resonance in FeSe 0.4 Te 0.6 , the total intensity associated with the total field dependent modes is approximately twice the intensity of the field indepen-dent mode. This indicates a factor two enhancement of the transverse spectral density that surely is an important characteristic of the superconducting state.
The relation between the resonance and superconducting pair correlations is a hotly debated theoretic issue [31] [32] [33] [34] [35] . A useful diagnostic from inelastic magnetic neutron scattering is the change in the first moment across the superconducting phase transition:
(1) For spin exchange models of magnetism, ∆ E(q) = − 1 3
For an itinerant magnetic system such as FeSe 0.4 Te 0.6 , we expect the amplitude of ∆ E(q) to monitor magnetic exchange energy through the superconducting phase transition. Assuming ∆S=S(1.7K) − S(30K) vanishes beyond a cut-off ω c = 13 meV, as suggested by measurements in previous study [12] , ∆ E(q) relative to 30 K was calculated from the normalized difference data to be 1.7(6) meV per Fe atom. For comparison the net condensation energy has been estimated to be 1.1 J/mole ≈ 0.01 meV/Fe based on specific heat measurements [27] . A similar orders of magnitude difference between ∆ E(q) and the net thermodynamic condensation energy was previously noted in the heavy fermion superconductor CeCoIn 5 [9] . The implication is that superconductivity is driven by the reduced magnetic exchange energy that it entails. The small net condensation energy indicates an almost equal increase in the electronic kinetic energy in the superconducting state.
We have presented evidence of field induced fine structure in the spin resonance of a magnetic superconductor. Three peaks emerge from a broad zero field maximum reminiscent of Zeeman splitting of a triplet bound-state formed by two identical Bogoliubov-de Gennes quasiparticles with weakly anisotropic attraction. Quantitative analysis shows the shift in the magnetic exchange energy associated with the triplet exceeds the net condensation energy by two orders of magnitude, and the inferred critical field where the Zeeman energy exceeds the bound state energy matches the upper critical field. The high field neutron data show that magnetic fluctuations play a central role in iron superconductivity and suggest that the formation of a triplet bound state actually drives superconductivity in FeSe 0.4 Te 0.6 .
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METHODS
Single crystals of FeSe 0.4 Te 0.6 were grown by a flux method. Three crystals, weighing 7.9, 3.8 and 3.6 g respectively, were mutually aligned so that the reciprocal (h, k, 0) plane corresponds to the horizontal scattering plane of the V2 FLEX cold neutron triple-axis spectrometer at HZB. Neutron scattering measurements were conducted using the fixed E f =5 meV configuration with a cold Be filter placed after the sample and pyrolytic graphite for both monochromator and analyzer. The lattice parameters of the tetragonal P 4/nmm unit cell are a = b = 3.802 and c = 6.061Å at room temperature. The mosaic full width at half maximum of the individual samples ranges from 1.2 to 1.6 degrees, and the co-aligned assembly mosaic was 2.2 degrees. The sample temperature and applied magnetic field were established by a 15 T vertical-field cryomagnet.
